This paper examines the co-movements of several macro-variables in the world economy over a period of more than twenty years. Long-term co movements are examined by tracking the cointegration, common trend factor and the spiller index over these variables (gold price, stock price, real exchange rate for dollar and the oil price of crude oil). Preminary examination suggests the possibility of cointegration among these variables indicating co-movements, although the spillover indices are found to be very small.
Introduction
The financial markets are getting more integrated and coovements in financial markets (i.e., interdependence of equity markets of several countries), as well as financial indexes (i.e., interdependence of asset returns and return volatilities in different markets) have become of immense interest to financial analysts and portfolio managers. For example, high volatility of oil prices and their exorbitant increase in prices sometimes have serious impact on other macroeconomic economic variables and policy makers and business in oil consuming countries express serious concerns about it. Several researchers (for example, Johnson and Soenen (2002) [1] , King et al. (1994) [2] , Ewing et al. (1997) [3] , and Forbes and Rigobon (2002) [4] , Engsted and Tanggaard (2007) [5] , and Anderson et al. (2007) [6] , and others such as Salman (2008) [7] , Sester (2008) [8] , Vergeler (2008) [9] & YueJun (2008) [10] ) have analyzed different aspects of this interdependence among the macroeconomic variables over the recent years. Most of the studies have used cointegration and error correction modeling techniques to isolate and identify the long-run equilibrium relationships among these variables. These studies are an important addition to our understanding of the co-movements of these variables and allow us to make appropriate prediction about the future co-movements.
Recently, Diebold and Yilmaz (2009) [11] have used a simple but different technique to capture the so-called spillover effects or the interdependence among the economic variables using the forecast error variance decomposition methodology. They have noted that spillover effects are time varying and the nature of the spillover indices depend on the measurement standards used. Understanding these relationships is important for the portfolio investors who want to diversify their investment opportunities and policy makers pursuing stabilization of the economy.
In this paper, we will use these techniques of estimating the spillover mechanism developed by Diebold and Yilmaz to analyze the interdependence of returns and volatilities of four important macro-variables: These are gold prices, exchange rates for dollar as dollar is the international reserve currency, price of oil, and the stock prices as measured by Dow Jones Industrial Average. We intend to examine to what extent these variables are interrelated, and whether returns/volatilities of one index can predict movements in other indexes. We intend to examine the behavior of both returns and return volatilities of the aforementioned indexes using measures of return spillovers and volatility spillovers. We also want to examine the recently observed inverse relationship (reverse causality) between the US dollar and oil prices. While previous studies show that after 1973 oil prices and the value of the US dollar have moved in the same direction (i.e., increase in oil prices have led to the US dollar appreciation), the examination of the recently observed inverse relationship is certainly of interest.
In addition, we also want to explore the statistical properties of these variables using vector autoregressive moving average procedure or models. This procedure can be used to analyze the contemporaneous correlations as well as correlations to each other's past values. * Initial draft of this paper was presented at the annual meeting of the 71 st We plan to use daily data for several years and employ the appropriate econometric techniques to identify and extricate new information regarding the relationship among these variables. Data was collected on the daily price of NYMEX crude oil futures, and the US Dollar Index (DXY), price of gold and DJ index (see references # [12] [13] [14] ). The data was obtained from a Bloomberg terminal using daily closing prices from January 1989 through September 2009 with more than 5200 observations. It is quite apparent that appropriate inferences from this statistical study will enhance our understanding about the comovement of such important economic variables.
Model
This study analyzes the relationships or the co-movements among return and return volatilities of four major indexes (i.e., gold prices, real exchange rates for dollar, price of oil, and the stock prices as measured by Dow Jones Industrial Average) and examines the behavior of these indices using the vector auto-regression method and by spillover index discussed by Diebold and Yilmaz (2009) [11] . This is a brief summary of the modeling process. 
where ε t is a vector of white noise process with ε t = (ε 1t , ε 2t , , ε kt )' with properties: E(ε t ) = 0, E(ε t , ε t ') = ∑ a non negative matrix, and E(ε t , ε s ') = 0 for t ≠ s, α = (α 1 , , α k )' is a constant, and φ i is a k × k matrix of parameters. It is well known that a finite autoregressive process can be represented by an infinite moving average process as follows,
(2) where β is a vector of constant and ν t is a transformation of ε t , and θ i is a matrix of constants. It should be pointed out that VARMA models may not be uniquely defined or identified, which requires structural specifications. However, analyzing and modeling the series jointly by the VARMA models enables us to understand the dynamic relationships among the series over time, and it also allows us to make improvements on the forecasting of these variables. Typical analysis based on VARMA procedure provides us with various tests of the long-run effects and adjustments of coefficients among the variables included in the model. We will consider the traditional tests such as the Dicky-Fuller test for stationarity, Johansen co-integration test, and the Stock-Watson common trend test for the possibility of co-integration among nonstationary vector processes among others. Stock-Watson (1988) [15] proposed a method for testing the common trend among k dimensional time series. The null hypothesis is that the vector time series Y t has m common trends where m ≤ k and the alternative is that it has s common trend where s < m. The test procedure and the test statistics is computed from first order serial correlation matrix of Y t .
Next we will examine the spillover index developed by Diebold and Yilmaz (2009) [11] . They have shown that the one step ahead forecast error vector can be written as
where A 0 is a matrix of parameters, and the covariance matrix for the forecast error can be written as A 0 A 0 '. They have analyzed the forecast error variance decomposition to compute the spillover index, since the forecast error variance decomposition reveals the proportion of the movements of a variable due to its own shocks versus shocks due to other variables. Diebold and Yilmaz estimated the spillover effect and calculating the spillover ratio (index) by combining the cross variances relative to total forecast error variations. In particular, total spillover effect is defined as the sum of cross covariances, while the total forecast error variation is represented by the trace of the matrix A 0 A 0 '. For a 2 by 2 matrix A 0 A 0 ' the Spillover Index can written as {(a 0, 12 2 + a 0, 21 2 )/trace(A 0 A 0 ')} × 100. This can be generalized for higher order A 0 A 0 ' matrix reflecting more than one step-ahead forecast.
Data
Data for this empirical investigation was collected on the daily price of NYMEX crude oil futures and the US Dollar Index (USDX). To further the study data was also collected on the price of gold and Dow-Jones Industrial Average. The data was obtained from a Bloomberg terminal using daily closing prices from January 1989 through September 2009. It has more than 5200 observations. Typically, an index shows a change in an economy or securities market through statistical analysis. A futures contract is an agreement made on the floor of a futures exchange to buy or sell a commodity or financial instrument at a predetermined price. When you purchase a futures contract you are agreeing to pay the pre-determined price for future delivery. When you purchase the contract, the item for future delivery has not yet been produced.
The US dollar Index: The US dollar index is a calculation of six currencies that have been averaged against the US dollar (it was created by the US Federal Reserve following the Bretton Woods agreement Initial examination suggests that sample observations are not symmetric, neither mesokurtic. The J-B test statistics imply that probability distributions are also non-normal.
In Table 2 , we have presented the results of the tests of non-stationarity. Comparing the traditional Dickey-Fuller Test results with the critical values we find that all of these variables are non-stationary in nature. These inferences are also corroborated by the graphs in Figure 1 where logarithmic transformed variables have been portrayed.
NYMEX Crude Oil Price:
The NYMEX Division light, sweet crude oil futures contract is the world's most liquid forum for crude oil trading and also the world's largest-volume futures contract trading on a physical commodity and therefore is used as a principal international pricing benchmark. Because of its standard on pricing, additional options are available on the futures contract, including trading opportunities, risk management, calendar spread options, crack spread options (on pricing differentials), and average pricing options. This futures contract is traded in units at 1000 barrels to an international delivery point, Cushing, Oklahoma, and provides several grades of domestically and internationally traded crude oil.
In the next step, we have estimated a traditional VARMA (vector autoregressive and moving average model) model to capture the nature of the relationship among these variables using a lag length of two (selected on the basis of AIC statistics). The selected model is Gold Price: Gold futures are hedging tools for producers and users of gold. They provide several amenities: global price discovery, portfolio diversification, continuous trading opportunities, and are alternatives to gold bullion, coins, and mining stocks. In addition gold futures contracts are physically delivered, block-trade eligible, American-style options, and can be traded off-exchange for clearing markets Dow Jones Industrial Averages: Dow Jones Industrial Average is price-weighted average of 30 actively traded "Blue Chip" stocks, and is the oldest and mostquoted market index published since 1896. The components of the index represent about 20% -25% of the market value of U.S. stocks, and include several industries such as consumer services, technology, telecommunications, and financials. The index is calculated by adding the trading prices using a divisor adjusted for stock dividends, splits, cash equivalent distributions, and mergers.
Analysis of the Results
Descriptive analysis of the data is summarized in Table 1 .
Examination of the initial estimation results of this equation 2 (not reported here but available from the authors) indicate that there exists cross effects among the variables. For examples, for the case of gold, lagged values of exchange rates and Dow-Jones industrial index have significant impact, same is true for the price of oil. But in the case of exchange rate and DJ index, only the lagged values of the stock prices has some significant effect. Since the examined time series are found to be non stationary, these multiple regression results are meaningless unless they are co integrated over time.
Thus, in the next step we have conducted the test of co-integration among these variables. This test is based on Johansen's methodology and the test results are reported in Table 3 . Results indicate the possibility of three unit roots at 10% eleven of significance and two unit roots at 5% level of significance. It also suggests that there is a co-integrating relationship among these variables. This co-integration relationship is presented by the traditional error correction models and statistical results are reported in Tables 4 to 7. But the error correction results are mixed. We notice that error correction terms are significant in the case of variables exchange rates and DJ industrial index. Error correction terms are not statistically significant for gold price and oil price. Thus, there is some ambiguity regarding these error correction results. But, this co-integration is further corroborated by the Stock- Watson's common trend test given in Table 8 where single common trend appears to exist. It unambiguously indicates the existence of co integration among the variables and consequent volatility spillover.
Next, we have also used the Granger causality tests to analyze the nature of relationship among these variables. The causality test results are reported in Table 9 . These statistical results imply the existence of causality from stock price and gold price to other variables (oil price and exchange rates) while they are not influenced by them. Thus, Gold price and Stock prices are influenced by themselves only. On the other hand Oil prices and Exchange rates are caused by other variables as well. This obviously implies the existence of causality among the variables and existence of volatility transmission or spillover between financial markets and stock markets but with asymmetric relationships. In the next two Tables, (Tables 10 and 11 ) we have presented the specific spillover index following Diebold and Yilmaz methodology. In Table 10 , we have presented the spillover index based on one-step ahead forecast and in Table 11 ; the two-step ahead forecast results are reported. Apparently for one-step ahead forecast, spillover index is very little, even less than one percent. However, for the two-step ahead forecast it is about 6%, implying the possibility of larger spillover for longer forecasting horizon. It should be pointed out that we have analyzed the data taking logarithmic transformation only. We have not considered the rate of change of the variables; in that case we may obtain different results. 
Conclusion
This paper conducts an investigation about the co-movements of several economic variables over a period of time. These variables are: World Gold price, World Oil price, US Stock price (measured by Dow-Jones Industrial Index) and real exchange rate for US dollar. Using daily data for over twenty years (considering logarithmic transformation only), it examines the existence of co-integration, common trend, Granger causality and volatility spillover for these macro variables. Initial statistical results indicate the possible existence of co-movements among them however, not all of them are moving simultaneously. It seems likely that stock price and gold price are more likely to move on their own while oil price and exchange rates likely to be influenced by other variables.
